
Testing and comparing small-board computers

Battle of the 
Bitty Boards
The Odroid-C2 and the Pine A64+ are among recent newcomers to the single-board computer 

market. Benchmarks show how these two boards compare with the Raspberry Pis 2 and 3. 

 By Ferdinand Thommes

similar price points as the two Rasp Pis, and 
the manufacturers adhere to an open source 
philosophy.

Odroid already offers a number of acces-
sories and has attracted an active commu-
nity for its products. At Pine64, this is just 
starting to happen. A shop has been set up, 
and the community is busily at work on the 
software.

RPi2B
The RPi2B debuted on February 2, 2015 [3]. 
It is distinguished from its predecessors by its 
quad-core CPU, a Broadcom BCM2836 spe-
cially developed for this model, and 1GB of 
main memory, which is twice as big as ear-
lier models.

The Raspberry Pis 2 and 3 (RPi2 and 
RPi3; see the box titled “A Success 
Story”) compete in several bench-
marks against two more recent 

boards on the market: the Odroid-C2 and 
Pine A64+. All four of the boards are priced 
between about $30 and $50 (EUR40 and 
EUR50/ £26 and £44). Technology and the in-
tended use for each computer play a role in 
deciding for or against a particular model.

The CandidaTes
For a comparison of competitive perfor-
mance, the RPi2 Model B (RPi2B) and 
RPi3B line up at the starting gates with the 
Odroid-C2 from Hardkernel and the Pine 
A64+ from Pine64. The challengers have 
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The BCM2836 system on a chip (SoC) is 
based on a 32-bit ARM Cortex-A7 micropro-
cessor core with a maximum clock rate of 
900MHz. This contrasts with the first genera-
tion Rasp Pi with an ARMv6 and clock speed 
of 700MHz. Additional features, such as price 
and size, have remained the same. Applica-
tions on the RPi2B are supposed to work up 
to six times faster than on the RPi1B+.

The growing number of available operat-
ing systems for the new Cortex-A7 platform 

includes two specialty distributions for the 
Internet of Things (IoT): Windows 10 IoT 
and Ubuntu Snappy Core.

RPi3B
The third generation of the small computer 
was released in February 2016 in the form of 
the RPi3B (Figure 1). The form factor has 
remained the same and the Foundation was 
careful to maintain downward compatibility 
that extends back even to the RPi1. Their 

The Rasp Pi exemplifies a classic success story. Since the Model B 
came on the market in February 2012, there has been no stopping 
the little computer. As of October 2015, more than seven million 
models carrying the Raspberry Pi label had been sold. The Rasp Pi 
has attained these heights of success even though it was neither 
the first nor the most powerful small-board computer (SBC). Its 
selling points are an attractive price tag of $35 and the GPIO (gen-
eral-purpose input/ output) header, behind which the Raspberry Pi 
Foundation educational mission lies: Teaching young people about 
hardware and software programming through tinkering and exper-
imentation.

Nobody knows exactly how many projects have thus far been im-
plemented with various Rasp Pi models, but the numbers probably 
run into the millions. These projects range from the smallest to 
clusters of circuits to the Astro Pi project [1], which put two Rasp 
Pis on the ISS space station a few months ago so that school chil-
dren could carry out experiments they themselves had designed. 
The Raspberry Pi and its competitors are also catching on in the 
fields of security, automation, and robotics. Additionally, they are 
finding application as multimedia centers and as small compo-
nents of network-attached storage. However, these types of uses 
are bringing the Rasp Pi, even in its third generation, close to the 
limits of its performance capabilities.

Success stories such as that enjoyed by the Rasp Pi always attract 
copycats, especially from Asian companies that have been busy re-
leasing competing products on the heels of new Rasp Pi develop-
ments. These offshore companies hope to gain a foothold in the 
booming small-computer market. However, the hardware itself is 
not the only feature attracting consumers to the Rasp Pi. Its $35 
price tag is hard to beat.

Equally important is what the Rasp Pi has achieved in just a few 
years: a well-functioning infrastructure with well-maintained soft-
ware and accessories and a large and active community. Efforts at 
copying these types of developments have fallen short in the Asian 
commercial space in part because their manufacturers do not nec-
essarily place the same kind of emphasis on open source thinking. 
For example, Allwinner, which manufactures semiconductors in 
China continues to have a negative effect on the GPL [2].

In spite of its strong position in the marketplace, the Rasp Pi is 
hanging on to a concept that puts it at a disadvantage with compet-
itors. The Raspberry Pi Foundation wants the board design to re-
main downward compatible, and it is difficult to compensate for 
the limitations of this approach. For example, the RPi3 introduced 
at the end of February 2016 only has a 10/ 100Mbps Ethernet con-
nection, even though most of its competitors already offer Gigabit 
Ethernet. The necessary remedy here would be to change the Rasp 
Pi layout from the ground up since the Ethernet connection in the 
present design depends on a slow USB 2.0 controller.

A SUCCESS STORY

Figure 1: The RPi3B boasts a 64-bit CPU with integrated wireless and Bluetooth.
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fatal consequences. During testing, the can-
didate machines were outfitted with small 
heat sinks.

OdROid-C2
Hardkernel is a South Korean manufacturer 
that has created some serious competition 
for the RPi2 in the form of its Odroid-C1+. 
Costing $3 less than the Rasp Pi, the $32 
C1+ has a better CPU and a Gigabit Ethernet 
interface. It also offers an SD card slot plus a 
pluggable eMMC flash memory module, a 
component that works significantly faster 
than SD cards.

As a result, it should not come as a sur-
prise that Hardkernel took a step right up to 
the level of the RPi3 when it brought out the 
Odroid-C2 (Figure 2). The name Odroid is 
derived from Open Droid and was created to 
serve notice that both Linux and Android run 
on the board.

The C2 costs $40 on the Hardkernel website 
[4] and £44 or EUR50 if purchased in Europe, 
so the two computers compete pretty much at 
the same price point. The SoC for the C2 is the 
Cortex-A53, also found in the RPi3. However, 
the AMLogic s905 has a clock speed of 2GHz, 
so it’s 800MHz faster than the clock speed for 
the Rasp Pi. The main memory has been dou-
bled for the Odroid to 2GB, and it has Gigabit 
Ethernet. The SoC includes an integrated 
Mali-450 GPU, which generally supports 4K 
video. It should also handle H.265 with 4K/ 
60fps as well as H.264 with 30fps.

Like its predecessor, the C2 also offers 
placement for an eMMC module. An 8GB 
eMMC module for Linux or Android costs $18 
(£19, EUR24). A class 10 SanDisk SD card of-
fering the same amount of memory costs 

philosophy of cautious advancement com-
bined with retaining board layouts has 
made many friends for the project. Even so, 
a good number of users now consider 2GB 
of working memory and a native Gigabit 
Ethernet adapter tantamount to basic equip-
ment and therefore something every SBC 
should offer. The Foundation does not let 
such thinking affect its decision making, in 
part because adapting features along these 
lines would result in a higher price.

As a result, only the CPU and connectivity 
were improved for the latest version. The 
SoC was upgraded to a Broadcom BCM2837, 
which has a 64 bit basis unlike its predeces-
sor the BCM2836. The processor is a quad-
core ARM Cortex-A53 with a 1.2GHz clock 
speed. It works faster than its predecessor 
and can implement the ARMv8 A64 instruc-
tion set. Theoretically, the new CPU runs 
approximately 10 times faster than the 
BCM2836 from the first generation.

The RPi3 also acquired 802.11b/ g/ n WiFi 
and Bluetooth 4.1 low energy (LE) function-
alities provided by the Broadcom BCM43438 
module. However, users who had hoped for 
4K and H.265 video decoding with the inte-
grated GPU have met with disappointment. 
The on-board dual-core video core IV only 
supports OpenGL for embedded systems 
(GLES) 1.1/ 2.0 and 1080p FullHD with 30 
frames per second (fps).

Previous Rasp Pi models have been able to 
handle moderate overclocking through the 
raspi‑config tool. The new version of the 
tool can no longer be used in this way be-
cause the CPU generates higher temperatures 
that can reach up to 160F (70C). Overclock-
ing under these circumstances could have 

Figure 2: Compared with the RPi3, the Odroid-C2 offers a faster CPU, more RAM, and Gigabit Ethernet. A removable heat sink sits over the white outline 

in the middle of the board.
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about $12 (£8, EUR14). The advantage of 
using eMMC memory is that the SD card slot 
does not then need to be used. In contrast to 
the RPi3, the C2 has no integrated WiFi or 
Bluetooth, although you can add these func-
tions if desired via the USB connections.

The Odroid-C2 board has identical con-
struction, size, placement, and even holes for 
fastening as the Rasp Pi. Even so, it is easy to 
distinguish between the two boards. A large, 
removable heat sink for discharging heat oc-
cupies a prominent place on the C2 (Fig-
ure 3). Just for fun, I tried fitting an Odroid-
C2 into two different Rasp Pi covers and 
found that one actually fit.

Pine a64+
The fourth board in this review is the brand 
new Pine A64+ (Figure 4) [5]. As its name 
indicates, this is an SBC with a 64 bit-ARM 
SoC. The project was started with the help of 
a successful Kickstarter campaign that 
brought in $1.7 million instead of the $31,416 
originally envisioned.

The initial funding requested (the digits for 
pi to four decimal places), quickly signalled 
to the friends of the Rasp Pi that the Pine is 
intended to be a competitor. The price for the 
most basic Pine A64 (not the A64+) is $15, 
which buys a board with a 64-bit quad-core 
mobile processor, a 1.2GHz ARMv8 Cortex-
A53 Allwinner 64-bit processor, a dual-core 
Mali 400 MP2 GPU, and 512MB of DDR3 
memory. The board comes with a 10/ 

100Mbps Ethernet adapter, two USB 2.0 
ports, and an HDMI 1.4 connection, which 
can be used to display videos at up to 4K res-
olution.

One step up from the most basic Pine 
model is the A64+ for $19. It has double the 
main memory at 1GB and features a Gigabit 
Ethernet port and three additional ports for 
camera, touch screen devices, and a Mobile 
Industry Processor Interface (MIPI) video 
display for features like a Camera Serial In-
terface (CSI) and Display Serial Interface 
(DSI). The Pine A64+ for $29 offers 2GB of 
RAM and integrated WiFi.

Figure 3: The Odroid-C2 sporting its removable heat sink.

Figure 4: The manufacturer offers the Pine A64 in various performance categories. The prices 

differ accordingly between $15 and $29.

Four SBCs Compared

13

FEATURES

ISSUE 19 RASPBERRY PI GEEK



Maté [10]. Android 5.1.1 and Remix OS 2.0 
Beta are also suitable. Again, the kernel is ver-
sion 3.14. It is not yet clear when the Allwin-
ner A64 will cooperate with current kernels. 
Collaboration between the kernel developers 
and Allwinner, the CPU manufacturer, is prob-
ably not a realistic expectation.

BenChmaRks
The operating system of choice was Ubuntu 
Mate 16.04 for the RPi2, RPi3, and Odroid-
C2, because it is suitable for all three SBCs, 
and the official Xubuntu 16.04 for the Pine 
A64+. All of the benchmarks are triggered 
with SSH, so the desktop environment was 
not a factor. As a result, Ubuntu 16.04 gener-
ally proved to be a sound basis for drawing 
comparisons.

Before testing, all images were updated on 
a SanDisk class 10 microSD card with 32GB 
of capacity. The C2 was tested with a 16GB 
eMMC module, as well. This is the only tech-
nology that Odroid supports for purposes of 
this round of comparisons.

The benchmark software was Sysbench, 
iPerf, and P7zip. Sysbench [11] determines 
the CPU integer performance as well as the 
I/ O speed to the SD card. iPerf [12] deter-
mines the Ethernet and WiFi interface 
speeds. The P7zip [13] compression tool of-
fers a less well documented option for 
benchmarking how the Lempel-Ziv-Markov 
chain algorithm (LZMA) compresses and 
decompresses the software packages. The 
results of this benchmark are comparatively 
more meaningful than the Sysbench integer 
calculations, but also more difficult to inter-
pret. Therefore, you should refer to the web-
site for more about the meaning of individ-
ual values.

Delivery and other costs such as any ap-
plicable taxes and customs duties may be 
added to the price for each board. To get the 
A64+ to Germany, the total amounted to 
about $55, because the Pine A64 is not yet 
sold here. It is unclear when this little Pine 
will be coming to the shelves of European 
retailers.

sOfTwaRe
You have numerous distributions from which 
to choose for each of the Rasp Pi models 
tested. In addition to the standard Raspbian, 
you can get general-purpose images for vari-
ous iterations of Ubuntu. Other examples of 
available choices include Arch Linux, Pi-
Bang, RISC OS, and Gentoo. Media centers 
like Libre/ OpenELEC, OSMC, and Xbian are 
also popular. Current kernels may support 
the distributions, but they are presently fro-
zen for the RPi3 at 32-bit images. Aside from 
all of these, Windows 10 IoT and Chromium 
OS can be used with the RPi3.

The Hardkernel company, manufacturer of 
the Odroid-C2, offers an Ubuntu 16.04 image 
with Maté [6] for the desktop in a 64-bit ver-
sion based on kernel 3.14. Additionally, it 
makes Android 5.1.1 [7] available. The com-
munity also offers Odrobian based on Debian 
8 “jessie,” and an Arch image. The 
OpenELEC fork LibreELEC [8] makes a good 
media center. Hardkernel is working together 
with the CPU manufacturer Amlogic and the 
very active Odroid Community to develop a 
4.4 LTS kernel for the Amlogic S905 SoC on 
the C2. The first parts of the code are already 
flowing into the Linux Next branch for the 
official kernel [9].

The official Linux distributions used for Pine 
A64 are Xubuntu 16.04 and Debian 8 with 

Figure 5: On paper, it looks like the Sysbench results produce a clear statement for the user. In reality, these results are not entirely reliable for a number 

of reasons.
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ClassifiCaTiOn
The results for the benchmark are summa-
rized in Figures 5 through 7. The Sysbench in-
teger performance results (Figure 5) should be 
taken with a grain of salt. In fact, the Odroid-
C2 CPU does not actually work 10 to 15 times 
faster than the RPi3. Instead, the Sysbench 
test results only point to tendencies.

The reasons are many. First, measuring dif-
ferent architectures affects the way the soft-
ware runs. If the integer performance test is 

performed on 200,000 instead of 20,000 prime 
numbers, then the RPi2 comes out ahead be-
cause it has fewer thermal issues. The CPUs 
on the RPi3 and Odroid-C2 would probably 
throttle back because of overheating. However 
this does not change the results in terms of 
overall tendencies. The same thing goes for 
the I/ O portion of the Sysbench test.

As expected, the third generation Rasp Pi 
clearly beats its predecessors and proves to 
be approximately one-third faster in practice. 
The two sister computers come out fairly 

Figure 6: The Rasp Pis and their Fast Ethernet interface have a disadvantage over their competitors, which are 

equipped with GigE.

Figure 7: I/ O performance of the Pine A64+ and RPi3 are similar, although the RPi3 is less well endowed.
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throughput, and graphics performance. The 
Odroid-C2 does better in each of these cate-
gories.

When the task at hand is the construction of 
a hobby project, automating sensors, setting up 
computer clusters (Figure 8) or a home auto-
mation project, or learning through experimen-
tation with hardware and software, then the 
Rasp Pis really shine. Compared with competi-
tors, they have an incomparable community, a 
large body of user knowledge accessible on the 
Internet, and a uniquely well-built infrastruc-
ture. If you want to use the Odroid-C2, Pine 
A64+, or any of the many other alternatives, 
you will have to rely on your own know-how 
and, ideally, be willing to contribute to the re-
spective community.

Another consideration is that updated ker-
nels are always standing ready for the Rasp 
Pi user. The competing SBCs reviewed here 
are still making do with Linux kernel 3.14, 
which has not had any official support since 
August 2015. Odroid is starting to make ef-
forts in this regard, so you should be able to 
get the 4.4 kernel within the next few 
months.  ● ● ●

even in the I/ O 
test. The limiting 
factor proves to be 
the SD card, as re-
vealed by the test 
using the Odroid-
C3 with an eMMC 
module.

The Odroid-C2 
clearly distin-
guishes itself from 
the two Rasp Pis in 
the integer test. It 
has a significantly 
faster CPU and two 
times as much 

main memory; even so, Sysbench produces 
results that are perhaps too optimistic. For 
some reason, the Odroid does less well than 
the two Rasp Pis when an SD card is used for 
the I/ O test. The Odroid achieved eight times 
more performance in the I/ O test with the 
eMMC module plugged to the back side of 
the board than it did with the SD card.

The iPerf test (Figure 6) indicated an effi-
cient 10/ 100Mbps Ethernet interface on the 
two Rasp Pi models. The RPi3 WiFi achieved 
about 25Mbps (data not shown); however 
10/ 100 proved to be the limiting factor in the 
comparison with the Odroid-C2 and the Pine 
A64+. The C2 utilizes its Gigabit Ethernet 
interface almost completely, at 937Mbps, but 
the A64+ is disappointing in this regard be-
cause its 10/ 100/ 1000 network interface only 
delivers about half of the possible through-
put rate. This problem is well known and at-
tributable to the kernel. A future update is 
supposed to resolve this issue.

The results for the P7zip benchmark (Figure 
7) are more instructive than those produced 
by Sysbench. However, the compression re-
sults are more difficult to interpret. The MIPS 
(million instructions per second) values were 
compared with the I/ O throughput (KBps). 
Each of these was examined in compressed 
and decompressed form. The Pine A64+ with 
2GB of RAM and Gigabit Ethernet is just bit-
ing at the heels of the latest Raspberry Pi with 
significantly fewer resources.

COnClusiOn
How do you classify the test results accord-
ing to possible user scenarios? The Odroid-
C2 is a good choice for use as a server, a 
media center, and (with some restrictions) an 
ultraportable desktop replacement, for which 
even the third generation Rasp Pi often 
pushes its limits. The same goes for CPU per-
formance, I/ O performance, network 

Figure 8: A computer cluster of 33 Rasp Pis. If your goal is to experi-

ment with an SBC, then the Rasp Pi should be the first choice, not 

least because of its huge community.
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